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Abstract 


The reaction between W2(OBu) and nitric oxide (2 equiv ) 

in hydrocarbon solvents yields an insoluble pale-yellow product of 
empirical formula W(OBu~) ,NO © 507 1560 cm 1). Addition of the 
nitrogen donor ligands NH3;, NMe3 and pyridine causes the above 
compound to dissolve with the formation of mononuclear compounds 
W(OBu*) (NO) (L). The yellow crystalline compound w(OBu®) 5 (NO) (CsH5N) 
(no = 1555 ott has been obtained directly by the reaction 
between W.(OBu-), and NO(2 equiv) in pyridine as the solvent. The 

7 compound crystallizes inthe space group P2,/n with Z=4 and unit 

i cell dimensions a = 9.694(2), b = 15.686(3), c = 14.358(2)4, 

| @ = 97.40(1)° and V = 2165.1(7)4.* The coordination geometry of 

the WO3N, moiety is a slightly distorted trigonal bipyramid with 

the axial positions occupied by the nitrogen atoms of the nitrosyl and 

pyridine ligands. The tungsten atom is displaced 0.344 towards 

the nitrosyl ligand from the equatorial plane of the three alkoxy 


oxygen atoms. There is a linear W-N-0 moiety with a short W-N 
bond distance, 1.732(8)A, whereas the W-N bond distance to the 
coordinated pyridine is long, 2.323(7)4. 


Introduction 


Previously we have shown that the molybdenum-to-molybdenum 
triple bond in the dinuclear alkoxides Mo,(OR),* is cleaved in 
reaction 1.4 

1 = (RO) sMo#Mo(OR) 3 + 2NO ~ [Mo(OR) 3(NO) ]2 


where R=Me3C, Me,CH and Me3CCH, 
| The structural characterization of [Mo(oPr®) NO] 2 revealed 
q 


two equivalent (inversion-related) distorted trigonal bipyramidal 


Mo(OR),4NO units fused along a common axial-to-equatorial edge 


through the agency of bridging iso-propoxy groups. With a Mo-to- 
Mo distance of 3.335(2)A it can be safely assumed that no direct 


metal-to-metal bonding exists.5 In a formal sense reaction 1 


corresponds to the replacement of the metal-to-metal triple bond 


by two metal-to-ligand triple bonds followed by Lewis base associ-~ 


ation, ® 
We concluded* that "There would not seem to be any reason why 


discrete mononuclear complexes of type A, where X represents a 


univalent ligand, L a sigma donor,and M any atom or ion isoelec- 


tronic with Mo(III), should not exist as a general class." 


We report here our preparation and characterization of the 
first member of this class, namely W(OBu*) 5 (NO) (CsH5N) 5 formed 
in the reaction between W2(OBu') and NO(2 equiv) in pyridine. 


Results and Discussion 


Synthesis. Addition of nitric oxide (2 equiv) to hydrocarbon 
solutions of We (OBu") 5? leads to the formation of a fine yellow 


precipitate of empirical formula w(OBu*) NO which shows a single 


sharp and very strong i.r. absorption at 1565cm 1 assignable to 


No" This compound is virtually insoluble in alkane and aromatic 
hydrocarbons which has hindered its seed characterization. 

It is believed to be polymeric, cokes “) sNO] » in contrast to the 
dimeric molybdenum analogue [Mo(OBu ©) ,NO]>- [wCoBu® ) NO], “a 
dissolve in the presence of a and pyridine yielding w(oBu ge 
(NO) (L). The compound W(OBu ©) 5 (NO) (C5H5N) has also been made 
directly by the addition of NO (2 equiv) to a pyridine solution 

of Wz (OBu*) g and is a yellow crystalline compound appreciably 
soluble in hydrocarbon solvents. For W(OBu~) 3 (NO) (CsH5N) a strong 
sharp i.r. absorption at 1555 cm ! is assignable to v 


NO 
band of medium intensity at 1610 cm 1 is assigned to the stretching 


; a sharp 


vibration of the coordinated pyridine. The nmr spectra in 
toluene-d, of W(OBu~) 3 (NO) (C5H3N) show the presence of only one 
type of tert-butoxy ligand,even at -60°C. This, together with 
the observation of a single nitrosyl stretching frequency, is 
consistent with the presence in solution of a structure akin to 
that found in the crystal. 


Solid State Structure of W(OBu‘) ,(NO)(C,H;N). The compound 
is composed of discrete mononuclear molecules in the solid state. 


Atomic positional and thermal parameters are given in Table I. 
The molecular structure is shown in Figure 1 along with the atom 
labelling scheme. Bond distances and angles are given in Table II. 
As can be seen from Figure 1, the coordination geometry is a 
slightly distorted trigonal bipyramid with the axial positions 
occupied by the nitrosyl and pyridine ligands. 

The tungsten atom is displaced 0.34A towards the nitrosyl 
ligand from the equatorial plane of the three alkoxy oxygen atoms. 
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The nitrosyl ligand is coordinated linearly and the W-N1 bond 

is quite short,1.732(8)4, indicative of some multiple bond 
character whereas the tungsten to pyridine bond is considerably 
longer, W-N2=2.323(7)A. The W-O distances are in the expected 


range. 


~ Bonding. 7 The trigonal set of Ligands aplits oe ageten 5d orbitals 


into three sets: a (d 22? e (d, 2.y3? d,,) and e (d. =# 1° The second 
e set is but little envied in metal "cies ieieedtes and pokes 


“thus lies lowest in energy. In w(oBu® )3(NO) (py) tungsten achieves 


only a fourteen valence shell electronic configuration. Ten 
electrons are involved in forming the five o bonds and the _ 
remaining four occupy the lower e orbitals which have the appropriate 
symmetry to interact with the empty meeresyh m™ orbitals. The 
bonding is analogous to that in [Mo(opr+ )3NO],, where a bridging 
isopropoxide occupies the axial position trans to the nitrosyl 
ligand. 

For a linear metal nitrosyl moiety, metal-to-nitrosyl r* 
bonding should be reflected in (i) the metal-to-nitrogen bond 
distance, (ii) the nitrogen-to-oxygen bond distance and (iii) the 
value of the N-O stretching frequency. A lengthening of the N-0O 
bond and a lowering of v(NO) should correlate with an increase 
in metal-to-nitrosyl m*-bonding. The shortness of the metal-to- 
nitrogen bond may also correlate with M-N multiple bond character 
but this distance will also be influenced by the nature of the 
metal o-hybrid orbital used in forming the M-N bond. The latter 
is determined by the coordination number and geometry of the metal 
complex as well as by the nature of the other ligands bonded to 
the metal. 

M-N and N-O bond distances and v(NO) values for some compounds 


containing linear M-N-O moieties are given in Table 3 and are 


illustrative of the above considerations. Certainly little 
can be inferred from the M-N distances alone. There does, however, 
seem to be the expected correlation between N-O bond length and 
vV(NO). This correlation is limited, however, by the relatively 
small changes and large experimental errors which occur in N-0 
distances. One can conclude that the generally accepted view 
that v(NO) correlates with metal-to-nitrosyl m™* bonding finds 
structural support in N-O bond distances. 

The trihaloruthenium complexes, which contain six coordin- 
ate metal atoms, all show very similar M-N-O parameters (see 
Table 3). Notably the values of v(NO) are more than 200 cm ‘ higher, 
and the N-O distances are significantly shorter than those of the 
five coordinate molybdenum and tungsten complexes. The metals 
here are all in the +2 oxidation state, if we assume the formal- 
ism M”+(NO”) for the linear M-N-0O moiety. Evidently the (tog) °- 
to-NOn* bonding is less effective in these Ru(2+) octahedral 
complexes than is the (e) *-to-NOn* bonding in the Mo(2+) and 
W(2+) trigonal bipyramidal complexes,despite the presence of only 
14-valence shell electrons in the latter. A plausible rationale 
for this observation may lie in the mixing of Ligand-to-metal t-bonding 
(p-d) and metal-to-NOn* bonding. Ligand (OR or NR2)-to-metal- 
mt bonding in the four-coordinate Cr(NR2)3NO and five-coordinate 
M(OR) 3(NO)L molecules will raise the energy of the filled metal 
qd. and qd, . atomic orbitals from the level they would otherwise 
have had as a result of pure M-L o~bonding. The energy separation 
between filled metal d_. and qd. orbitals and the vacant higher 
energy NOn* orbitals will be reduced and metal-to-nitrosyl t* 
bonding enhanced. It is, of course, not possible to separate 
completely the o and r-donor properties of a ligand. However, 
the values of v(NO) do go down as the overall donor (c¢ + 1m) 


properties of the ligand increase: compare v(NO)=1698 cm } for 


> 


Cr(N(SiMe3) 2) 3NO with v(NO)=1640 cm + for cr(NPr*,) 3NO and 
v(NO)=1643, 1640 and 1630 cm! for the compounds [Mo(OR) 3NO]. 
where R = CH2CMe3, CHMe, and CMe3, respectively. 


Experimental Section 


General procedures have been described;' note the use of dry 
and oxygen free atmospheres and solvents. 
W2(OBu) ¢ was prepared from the reaction between W2(NMe2).¢ 
and Bu oH (> 6 equiv) in benzene and was recrystallized from 
hexane solutions. 7” 
[W(oBué) =NO]_: W,(OBu")(0.63g, 0.78 mmol) was dissolved in 
hexane (10 mL) to give a red solution. Nitric oxide (1.56 mmol) ! 
was added with the use of a calibrated manifold to the above solution 7 
frozen at liquid nitrogen temperature which yielded upon warming 
to room temperature a green solution and a pale yellow precipitate. 
After 5h the pale yellow precipitate was collected by filtration, 
washed with hexane, and dried in vacuo (10 * cm Hg, 25°C). Yield 
0.56g (83% based on tungsten). Analysis found (calcd) for 
W(OBu~) sNO: C, 33.06 (33.27); H, 6.20 (6.28); N, 3.40 (3.23). 
I.r. data obtained from a nujol mull between CsI plates 
(2000-300 cm ? range): 1565 vs, 1310 w, 1245 m, 1165 s (broad), 
1090 s, 1030 w, 948 vs (broad), 928 vs, 912 s, 796 m (sharp), 
784 m (sharp), 724 m (broad), 627 s (sharp), 595 m, 572 m, 485 w, 
394 w, 381 w, 340 w. 
WC(OBu) 5 (NO) (CsH5N) : W.(OBu’) ,(0.1844¢, 0.23 mmol) vas dissolved 
in pyridine (7 ml) to form a deep red solution. This was frozen 
at liquid nitrogen temperature and nitric oxide (0.46 mmol) was 
added using a calibrated vacuum manifold. The reaction mixture 


was allowed to warm to room temperature and left to stand for 


| 12h. The pyridine was stripped and the residue extracted with 


toluene (ca. 5 mL). The pale yellow solution was filtered to 

remove a small amount of a black insoluble material. The filtrate 

was collected and cooled to -10°C yielding pale yellow crystals 

(ca. 80 mg). Analysis found (calcd) for W(OBu) 3(NO) (CH5N) : 
P| C, 39.65 (39.86); H, 6.25 (6.30); N, 5.40 (5.47). I.r. data 
obtained from a nujol mull using CsI plate in the range 2000-300 em ?; 
1610 m (sharp), 1555 vs, 1305 w, 1240 m, 1222 m (sharp), 1170 m 
(broad), 1156 m (sharp), 1076 m (sharp), 1043 m (sharp), 1027 w, ; 
q 1018 w, 1000 w, 965 m, 948 m, 937 vs (broad), 910 m, 900 w, 783 mn, 
{ 762 m (sharp), 722 m (broad), 694 m (sharp), 621 s, 576 m, 485 'w, 
436 w, 380 w, 

13¢ nmr data obtained in toluene-d,g at -50°C: 8(0OC) = 80.8, 
| 68(CH3) = 32.9. (68 in ppm rel. TMS). 
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X-Ray Crystallography. ® A yellow crystal of W(OBu‘) 3(NO) (CsH5N) 
measuring 0.23x0.28x0.58 mm was mounted, embedded in epoxy cement 
and sealed in a thin walled glass capillary, with its longest 
dimension nearly coincident with the phi axis. Omega scans of 
several intense low-angle reflections had peak widths at half i 
height of ca. 0.29. Cell constants and axial photographs indicated ! 
that the crystal belonged to the monoclinic system with a = 9.694(2), 
b = 15.686(3), c = 14.358(2)4, 8 = 97.40(1)°, and Vv = 2165.1(7)A°. 
The observed volume was consistent with that expected for Z= 4. | 
Systematic absences observed during data collection, on oko | 
(k = 2n+1) and hol (h+l = 2n+1), uniquely determined the space 
group to be P2,/n (a non-standard setting of P2,/c, No. 14). | 
The data were collected at 23+2°C with a Syntex PI autodif- | 
fractometer equipped with a graphite crystal monochromator and 
using Moka (\ = 0.710730A) radiation. Variable scan rates from 


4.8 to 24.0°/min were used for symmetric 9/29 scans ranging from 
1.0° below to 1.0° above the calculated MoKa;,Ka2 doublet. The 


ratio of background to scan time was 0.5. A total of 2936 unique 
reflections having 0°<29MoKka<45° were collected. The intensities 
of three standard reflections were monitored frequently throughout 
data collection and showed an approximately linear decrease of 
12% over the period of data collection. The data were reduced 
to a set of relative |Fo|? values and then corrected for crystal 
decay. An empirical absorption correction based upon a series 
of psi scans was applied to the data (, = 56.7 em 1); relative 
transmission factors ranged from 0.844 to 1.000 with an average 
of 0.949. The 2103 observations having [F[>3o0( (FI) were retained 
as observed and used in subsequent structure solution and refinement. 
The positions of the 24 unique non-hydrogen atoms were deter- 
mined by standard heavy atom methods. The structure was refined 
to convergence using anisotropic thermal parameters for all 24 


atoms. The final discrepancy indices were 


R, = =| {Fol-|Fe||/|Fol = 0.032 


Ro = txw([Fol-|Fol)2/zxw|Fol?]2 = 0.047 


The estimated standard deviation of an observation of unit weight 
was 1.102. The top peaks in a final difference Fourier map 
were due to methyl group hydrogen atoms. 

A table of observed and calculated structure factors (9 pages) 
‘is available as supplementary material. See any current masthead 


page for ordering information. 
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Table II. Bond Distances (i) and Angles (Deg) in W(OBu~) 3 (NO) (CsHsN) * 
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Figure 1. An ORTEP view of the W(OBu~) ;(NO) (CsHsN) molecule 
using 40% probability ellipsoids and showing the atom 
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